Introduction
Many countries in Africa suffer high rates of under-employment or low-productivity employment. In addition, because of demographic factors, many countries anticipate that large numbers of people will enter the workforce in the near future. Therefore, there is an urgent need to understand the drivers of job creation in the private sector. In particular, what drives job creation? And what are the constraints that prevent firms from hiring more workers? One explanation is that market imperfections and weak business environments lower the productivity of firms and prevent resources from being allocated toward better-performing firms, thereby reducing the overall potential for job creation.
We use the existing literature on firm growth to construct a simple model. 2 We draw from learning models of firm growth, which indicate that there is a positive correlation between firm growth and productivity. These models emphasize the role of the entrepreneur (or manager) in the learning process. Early learning models describe managerial capacity as fixed or innate (Jovanovic, 1982) , while subsequent theoretical models allow for human capital formation to impact managerial efficiency and firm growth (Pakes and Ericson, 1989) . A firm "learns" about its productivity over time--efficient firms invest and expand while less productive ones stay small, shrink or exit.
This class of models also predicts that firm age and size are both negatively correlated with firm growth: as firms grow older or become larger, their rate of growth slows. After controlling for age, larger firms grow more slowly because they are already at a higher level of productivity. Consequently, they have limited scope to increase productivity further (Evans and Leighton, (1989) ; Bates (1990) ; McPherson (1996) ; Sutton (1997) ).
A recent study by Hsieh and Klenow (2012) is particularly relevant. They show that in the U.S., the average 40 year-old plant employs almost eight times as many workers as a typical plant five years or younger. In contrast, Indian plants grow very little in terms of employment or output. Mexico is in the middle--the average 40 year-old Mexican plant 2 Models of firm growth can be separated into two groups--those that rely on "stochastic" models of growth based on Gibrat's Law, and those that rely on "learning" models. 2 Stochastic models describe firm growth as drawn from a distribution. "Lucky" firms are those firms that repeatedly draw high rates of growth over time. In these models of firm evolution, firm size and firm growth are independent of each other. However in practice various models may include both "stochastic" features as well as "learning" features such as in Jovanovic (1982) . employs twice as many workers as an average new plant. Hsieh and Klenow find that this pattern holds across many industries and for formal and informal establishments alike.
The authors conclude that this pattern reflects lower investments by Indian and Mexican plants in process-efficiency, quality, and market access, due to distortions that impede allocation of resources toward firms with higher productivity and higher growth potential.
Various Africa-specific papers also shed some light on the issue of firm growth. Harrison et al. (2013) find that when they control for geography, political competition and the business environment, formal African firms lead in productivity levels and growth. They conclude that Africa's disadvantages arise from its weak business environment, including the lack of infrastructure and finance. Sandefur (2010) uses a panel of Ghanaian firms, spanning 17 years, to model firm dynamics. In contrast with the results for analysis of American and European firms, he finds that "entry of new firms and selection on observable characteristics, rather than within-firm growth," dominates industrial evolution in Ghana. Teal (1999) also looks at firm-level data for Ghana. He finds that the removal of high levels of protection combined with substantial real devaluations have changed the environment in which Ghanaian manufacturing firms operated in the 1990s. Teal finds that the rate of job creation in Ghana's manufacturing sector is highest in medium-sized firms and that small firms do not grow more rapidly than larger firms. Hallward-Driemeier et al. (2010) find that African firms face enormous uncertainty with regard to the policy environment. As such, they argue that firms face deals rather than rules-that policies are enacted in a firm-specific manner even if in theory, all firms in a country are subject to the same policies. Consistency in policy implementation improves with stronger institutions and better governance.
In this paper, we build on the work of Hsieh and Klenow (2012) . Using data from 41,000 firms across 119 countries, we examine the relationship between size and age at the firm level, with a special focus on African firms. 3 We find that African firms, at any age level, tend to be systematically smaller than firms in other regions of the world. We look at the impact of business environment measures as well as certain types of firm characteristics. These include access to as finance, infrastructure, legal rights, 3 "African" refers to Sub-Saharan Africa only, throughout this paper.
availability of skilled labor, access to land, foreign ownership and/or export status. We find that these variables do have some explanatory power but cannot fully explain the slower growth of employment in African firms. Going forward, the paper is divided into four additional sections. First, we present the data. Second, we describe our model and present the main results. Third, we discuss the possible reasons behind the "stunted growth" of African firms. Finally, we conclude with a summary of key findings and some policy implications.
The Data
This analysis is based on firm-level data from the World Bank's Enterprise Surveys. The
Enterprise Surveys collect qualitative information on a country's perceived business environment as well as quantitative firm performance measures, predominantly in the formal service and manufacturing sectors of the economy. The data set integrates all surveys that have been conducted after 2006, which use a common global methodology.
As such, we analyze data from 119 countries, of which 41 are in Sub-Saharan Africa.
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The surveys cover formal firms in the following sectors--manufacturing, construction, retail, wholesale, hospitality and other services--that are classified according to ISIC Rev 3.0 and cover the ISIC codes 15-37, 45, 50-52, 55, 60-64, and 72 . Interviewers conduct face-to-face interviews using standardized questionnaires for the manufacturing and service sectors. Topics covered include information on firm characteristics, the business environment, access to finance, annual sales, costs of inputs and labor, workforce composition, and basic performance measures. These data are representative at the size, sector and location levels.
We divide our sample into five age quintiles, using the age distribution of the entire sample of firms (i.e. the global data set). This yields the following quintiles: age quintile 1 contains firms that are between 0 and 6 years old, age quintile 2 is from 7 to 11 years, age quintile 3 is from 12 to 16 years, age quintile 4 from 17 to 26 years and age quintile 5 contains firms that are more than 27 years old. We then calculate the number of firms in each of the five age quintiles by country. firms, which we use to obtain our baseline estimates.
The list of surveyed countries is shown in Figure 1 . There are 41 African countries in the sample, and 78 comparator countries (divided across three regions-Asia, Latin America and Eastern Europe). Figure 2 shows the median value of firm size, by age quintile, for each of the four regions; we can see that African firms are smaller than firms in other regions, for almost every age quintile. Figure 3 shows the kernel density estimation of the size distribution of firms for all firms in the sample, grouped by region. The size distribution of firms in Africa peaks at about 7 employees per firm. We see that there is a higher share of African firms at low levels of employment than in other regions, and that the density of larger firms is lower in Africa than elsewhere.
The problem of the "missing middle," described variously in the literature with regard to the middle class and/or the business sector, is clearly visible in Figure 3 . Less visible, due to the truncation of the sample at 5 employees, is the number of firms that are very small. Presumably, this share is higher for Africa than elsewhere. We also do not know how many firms elected to stay in the informal sector as we only observe the size and distribution of firms that are formally registered. Figure 4 shows the age distribution of firms by region. We see that African firms are younger than firms elsewhere, peaking at around 10 years of age. However, African firms are not small only because they are young. Figure 5 shows the employment distribution of firms, conditional on age. This figure plots the residual from a regression of firm size on age quintiles-it shows that factors other than age are driving the smaller size of African firms. Figure 5 also shows that a large number of African firms have an observed size that is below the size predicted by their age. Figure 6 shows the distribution of the size at the start of operations for firms in Africa, Asia, Eastern Europe and LAC. This figure also shows that African firms are smaller at the start of operations relative to firms in other regions, but this difference is not as pronounced as in Figure 3 (which describes current firm size). This suggests that the gap between African and nonAfrican firms becomes more pronounced after birth.
We now turn to a simple model of firm growth, from which we derive our econometric model.
The Model and Main Results
Do firms grow differently in different environments? Figure 7a describes firm growth in an "ideal" business environment. In this scenario, high-productivity firms are able to grow and thrive (because they are able to access credit, have good property rights and/or a steady supply of electricity, etc.) while low-productivity firms stay small and even exit early. Figure 7b shows what happens in a "distorted" business environment. In this scenario, high-productivity firms are not able to grow and are closer in size to lowproductivity firms. Distortions such as the lack of enforcement of property rights may also mean that low-productivity firms are able to survive longer, although they are not able to grow or compete with firms in better business environments.
Augmented forms of the learning model of firm growth capture the ideas described above ((Evans (1987) ; Variyam and Kraybill (1992); Hall (1987) ). Based on these models, we describe firm growth in the following manner:
where S t ' and S t represent the firm's final and initial size, respectively, τ denotes the time interval, G represents the growth function, A represents firm age, and u is the log-normally distributed error term. The augmented form of this model adds a vector X to measure the business environment and characteristics of the firm. A first-order expansion yields the following equation:
Thus, the current size of the firm (Y) is a function of starting size (S), age (A), and a vector (X) of firm characteristics and business environment variables. Given our conceptual model, we are interested in the vector X. In addition, we are interested in whether firms are larger when they operate in larger markets. Also, what is the relationship between current size and initial size? Finally, a firm's capabilities are often embedded in ownership or export status, so we also ask--are foreign-owned firms and exporting firms able to grow more than their domestic/non-exporting counterparts?
To answer these questions, we regress size of the firm (in logs) on age dummies (rather than age as a continuous variable), startup size (in logs), a limited vector of firm characteristics including firm status (foreign-owned, exporter) and an Africa dummy. This estimation is followed by more enhanced models that include measures of the business climate and firm characteristics, individually and then all together. It is followed by a final estimation, which adds back the Africa dummy to see if there is an Africa effect even after controlling for these various measures.
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In order to estimate the impact of the business environment on firm size, we measure five key business environment variables as follows:
Infrastructure: The number of power outages suffered by the firm in the previous 30 days. 5 We acknowledge that relying on cross-sectional data has some shortcomings. In particular, there may be a confounding cohort and age effects. However, as discussed in Hsieh and Klenow (2012) cross-sectional estimates of growth equations are remarkably close to panel estimates. Furthermore, as an additional robustness check we estimate our model using data only for firms born in or after 1990 in order to limit the influence of these cohort effects; this estimation yields similar results to estimates for the entire sample.
Access to finance:
The share of working capital that is financed by sources other than retained earnings. These might include banks, non-bank financial institutions such as microfinance institutions, credit cooperatives, credit unions or finance companies, purchases on credit from suppliers and advances from customers, and other sources such as moneylenders, friends, etc.
Access to Land: Index of access to land provided by the World Bank's Investing Across Borders project. This is an un-weighted average of four sub-indices, which measure access to land. These sub-indices are described on the project's website as follows:
Strength of lease rights index (0-100): Compares economies on the security of legal rights they offer to investors interested in leasing industrial land-whether or not foreign and domestic companies are treated differently and whether the land can be subleased, subdivided, mortgaged, or used as collateral. Skill ratio of the workforce: Ratio of skilled to unskilled workers in the firm as measured by the workers' level of education in the Enterprise Surveys. In addition, the capitallabor ratio of the firm is included as a control variable so we can measure the effect of the skill ratio accurately.
Strength of ownership rights index

Legal rights:
The strength of legal rights index measures the degree to which collateral and bankruptcy laws protect the rights of borrowers and lenders and thus facilitate lending in the private sector. This variable is taken from the World Bank's Doing Business database and is measured on a scale of 0 to 10.
We use city-level averages of the five measures of the business environment described above. Table 1 shows non-pairwise and pairwise correlations across the five measuresthese are not correlated to a point that we would be worried about collinearity.
Additionally, in order to reduce spurious significance, the error terms are clustered by country-city-age quintile as suggested by Moulton (1990). 6 In order to control for firm characteristics, we include size of the firm at the start of operations as well as age quintile dummies, and a dummy that is set to 1 if the firm is foreign-owned or an exporter. Typically, foreign-owned or exporting firms are more capable-they are better managed and/or have more qualified workers. Gross national income is included (in log form) as a measure of overall market size of the country in which the firm carries out its operations. We expect firms operating in larger markets to be larger than those in very small countries. Table 2 shows the results of the "baseline" regressions of the determinants of firm size for our sample of over 40,000 firms. Equation (1) simply regresses firm size (in logs) on age, market size and size at start. Equation (2) includes a dummy set to 1 if the firm is located in Africa. Firms are larger in every age quintile relative to the default (the youngest age quintile); this difference is both positive and significant. Firms in larger markets also grow more; the coefficient on ln GNI is both positive and significant. Firms that start out big stay big-this difference is also significant at the 1 percent level of confidence. And firms in Africa, at any age level, are about 24 percent smaller than firms in other parts of the world, even after controlling for market size and initial size. This is mostly a shift effect; the coefficient on the Africa dummy interacted with age quintile dummies in Equation (3) is mostly negative but not always significant. 6 The clustering issue is best looked at by example--imagine the effect of being located in village X on whether or not a household has access to water. The probability that two households in village X have access to water is likely to be positively correlated (as they are in the same cluster). Therefore, it is necessary to correct for intra-cluster correlation whenever the dependent variable is at a more disaggregated level (having access to water in a household) than the independent variable (being in village X). As the independent variables that measure the business environment are likely to be somewhat similar across firms and are measured at a slightly aggregated level, we take into account the intra-cluster correlation across firms. Consequently, we cluster the standard errors by country, city, and age quintile. Table 3 shows the results of regressing individual measures of the business environment on firm size. Equations (4-5) shows that firm size is negatively correlated with the number of days lost to power outages; the coefficient on this measure of the business climate is also statistically significant. Access to finance (as measured by whether working capital is bank-financed) and access to land are included in Equations (6-7) and (8-9) and are also significant and positively correlated with firm size. Legal rights are significant in determining firm size [Equations (10-11)] while a larger supply of unskilled workers results in larger firms in the manufacturing sector ].
Firm characteristics matter in determining firm size. In every regression, exporting and foreign-owned firms are larger as are those operating in larger markets, reflecting the higher capabilities of these types of firms. Size at start of operations is also positively correlated with firm size. Finally, it is interesting to note that the size of the Africa dummy changes a fair bit across these regressions; some measures of the business climate appear to have quite a lot of explanatory power with regard to the size of African firms. Table 4 combines all of the business climate variables into a single model. Equation (14) describes the results of this model while Equation (15) Perhaps the most interesting result is that after controlling for the business environment (which adds about 5 percent of explanatory power) and firm and market characteristics, the dummy variable measuring whether a firm is located in an African country remains negative and significant at the 1 percent level of confidence. The value of the coefficient on the Africa dummy is -0.153 in the final regression, as compared to -0.244 in the baseline regression (which controlled only for age, market size, and size of the firm at the start of operations). This result indicates that about 60 percent of the variation in the size of African firms remains unexplained, even after controlling for firm characteristics and variables capturing business environment.
Why Are African Firms Not Growing?
We consider one more descriptive picture before moving on to possible explanations of our results. Figures 8a and 8b show that there may be constraints that prevent small firms from growing and large firms from exiting in Nigeria as compared to Brazil. Figure 8a shows the productivity distribution of firms by size quartile in the food processing sector in Nigeria. We see that the distributions overlap quite a bit-there are very productive small firms in Nigeria as well as relatively unproductive large firms. In Brazil, the situation is quite different. There is a clearer relationship between size and productivity-more productive firms are able to grow and are larger than unproductive firms which remain small. These figures are indicative of the fact that not only is the median size of firms smaller in Africa, but the distribution of firms is also different between Africa and other parts of the world.
Small firms may also want to stay below the government's radar in Africa. Figure 9 shows the change in management time spent dealing with government regulation when a firm goes from being small (below 50 workers) to being large (above 100 workers). We see that the burden of dealing with government increases substantially with size; this may act as a brake on firm growth. To understand this and other factors, we conduct robustness checks on the equations estimated in Tables 2-4 (Table 5 ). These include the exports-to-GDP ratio as a measure of openness, two indices of transport inefficiency-ease of shipping and competition in shipping (drawn from the World Bank's Logistics Performance Index), the coefficient of variation of terms of trade (to measure volatility), government expenditures as a ratio of GDP, time to resolve insolvencies, and foreign ownership. Table 5 shows the results of robustness checks for Equation 
Other Explanations
The overall price level in Africa could also be a factor in determining the size of firms.
Analysis in Gelb et al. (2013) of 188 countries from the Penn World Tables shows that the slope of the relationship between PPP prices and income for African countries is significantly different between African and other countries. Figure 10 shows the results of these calculations. Relative to other middle-income countries, those in Africa are only slightly more costly, but the normal relationship breaks down for low-income Africa; on average, PPP price indices are around the global average for a country at South Africa's level of income. Relative to low-income comparators like Bangladesh, Vietnam and also India, African countries are considerably more costly. Gelb et al. (2013) show that in absolute terms, and excluding South Africa as a middle-income country, the average PPP for a sample of African countries is about 20 percent higher than the average for the four poorest comparators (Bangladesh, Indonesia, Philippines and Vietnam). Ethiopia stands out as cheap in absolute terms, but is still higher-cost relative to a global average extrapolated to its level of income. Africa's higher costs may result in a lower level of competitiveness and consequently, in a distribution of firms that is different (smaller) than distributions in other countries.
There is also increasing evidence that many African economies are dualistic in nature, with enclaves of high-productivity firms, which are also high cost (Gelb et al., 2013) .
Industrial labor costs are far higher in Africa than one might expect, given levels of gross domestic product (GDP) per capita. Part of this is an "enclave effect": both labor costs and labor productivity are far higher for firms in many African countries, relative to GDP per capita, than in comparator countries (Figure 11 ). This may reflect a steeper labor cost curve; as firms are larger and more productive, their labor costs increase more in Africa than elsewhere.
At a more "micro" level, issues related to trust between managers and workers, as firms transition away from family-only employees, may play a role in limiting firm size. Bloom et al. (2012) find that managers at headquarters place greater trust in managers of subsidiary firms in "high trust" countries, this in turn increases productivity by affecting the organization of firms and allowing more efficient firms to grow. Atkin et al. (2011) find that a lack of trust of outsiders (and the difficulty of punishing them for shirking) means that firms are limited to employing family members. Finally, the pressure to share profits among family members may also limit the growth of African firms. These are themes that need to be explored further to understand the slower growth of African firms.
Conclusion
The business environment and certain characteristics of firms do appear to play a role in determining firm size; and improvements to the business environment in many African countries may result in firms employing larger numbers of people, for every age cohort. These results are of particular importance, given that many countries in Africa suffer high rates of unemployment, and that many also anticipate large numbers of people to enter the workforce in the near future. Our results point to two important facts. First, there are constraints imposed by the business environment and by firm and market characteristics that limit the growth of African firms; these can be alleviated by policy reforms. Second, there appear to be constraints that are not captured by these measures--these require further research in order to design appropriate policies for job creation. Standard errors in parentheses ="* p<0.05 ** p<0.01 *** p<0.001" Source : Gelb et al (2013) 
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